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Agenda 

•  Overview  
•  Basic Navigation and Control 
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!  Using an OpenMP Space weather application   

•  Debugging MPI Applications  
•  Demo 2: MPI Debugging: 

!  Using GEOS5-AGCM 
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TotalView 8.9.2-2 currently on Discover 

•  An interactive tool that lets you debug serial, multi-
threaded and multi-processor programs with support 
for Fortran and C/C++ 

•  The base TotalView debugger (TVD) solution now 
includes Replay Engine and CUDA debugging support 
for no additional fee 

•  Major features: 
!  Parallel debugging: MPI, Pthreads, OpenMP, CUDA 
!  Reverse debugging with ReplayEngine 2.1.0-2 
!  Integrated Memory debugging with MemoryScape 3.2.2-2 
!  Batch debugging with TVScript and the CLI 
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What is ReplayEngine ? 

•  Reverse Debugging  
!  Capture and deterministically replay execution 
!  Eliminate restart cycle and hard-to-reproduce bugs 
!  Step back and forward by function, line, or instruction 

•  Major features 
!  No recompilation 
!  Supports both MPI and OpenMP 
!  Setenv TVD_REPLAY_TMPDIR to control the directory of 

saving the history information  
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What is MemoryScape? 

•  Runtime Memory Analysis to detect memory bugs  
!  A memory bug is a mistake in heap memory usage 

! Leaking: failure to free memory 
! Dangling references: failure to clear pointers  
! Memory corruption 

!  Use for validation as part of a quality software development 
process  

•  Major features 
!  No recompilation 
!  Supports both MPI and OpenMP 
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More Info 

•  Details on how to configure TV for your runs and use TV 
debugging serial, OpenMP, and MPI/OpenMP jobs can also 
be found in the NCCS Primer: 

http://www.nccs.nasa.gov/primer/computing.html#totalview  

•  Short TotalView video tutorials on interesting topics can be 
found at: 

http://www.roguewave.com/products/totalview/resources/
videos.aspx 
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Starting TotalView 

•  -g has to be used for debugging. Using –g automatically 
adds –O0 

•  Load module: module load tool/tview-8.9.2-2 
•  setenv TVDSVRLAUNCHCMD ssh 
•  Launch Totalview GUI via Command line 

!  Normal:  
totalview executable_name [-a executable_args] 
!  Attach to a running program  
totalview executable_name –pid PID# [-a executable_args] 
!  Attach to a core file 
totalview executable_name corefile_name [-a executable_args] 
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Starting TotalView 

10 



Root Window 
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Root Window 

12 



Process Window 
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Stack Trace and Stack Frame Panes 
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Tabbed Area  
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Stepping Commands  
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PC: Program 
Counter 



Action Points  
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Setting Breakpoints  
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Conditional Breakpoint / Evalpoint 
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Action Point " Properties  

Evalpoints allow you to add 
a code fragment in Fortran 
or C/C++. 

If the code fragment can 
make a decision whether to 
stop execution, it is called a 
conditional breakpoint.  

Evalpoints can be used to 
test a fix, set values of 
variables, or visualize data 
automatically.  



Evalpoints Test Fixes on the Fly  
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Watchpoints  
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A Watchpoint tracks a memory location 
--  it does not trace a variable!  



Diving 
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Diving on Variables - Fortran Common Blocks   
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Fortran 90 Modules  
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Tools " Fortran 
Modules  



The Variable Window  
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Groups of Variables -- Expression List Window  
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Slicing and Filtering Arrays  
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Slice notion is ([start:end:stride],
[start:end:stride],..) 



Visualizing Arrays  

28 



Variables Across Processes  
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Basic Process Control  
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--All the worker threads within a control group. 
These threads can be in >=1 share groups 



Agenda 

•  Overview  
•  Basic Navigation and Control 
•  Demo 1: Basic Navigation and Control 

!  Using an OpenMP Space weather application   

•  Debugging MPI Applications  
•  Demo 2: MPI Debugging: 

!  Using GEOS5-AGCM 

31 



Agenda 

•  Overview  
•  Basic Navigation and Control 
•  Demo 1: Basic Navigation and Control 

!  Using an OpenMP Space weather application   

•  Debugging MPI Applications  
•  Demo 2: MPI Debugging: 

!  Using GEOS5-AGCM 

32 



Tools " Call Graphs  
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Numbers indicate which 
threads have a function 
on their call stack 



Tools " Message Queue Graph  
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Tips for debugging MPI jobs  
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- Usually causing Totalview hanging  



Subset Attach  
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Tips for debugging MPI jobs (Cont’d)  

•  Setting breakpoint behavior 
•  Synchronizing processes 

!  Barrier and the process hold/release feature work together 
to control the executions 

•  Determining which processes/threads are executing 
•  Viewing variables across processes/threads 
•  Restarting from within Totalview  
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Coming Up -- TotalView Part 2 

•  Replay Engine  
!  Record and deterministic replay 
!  Use breakpoints, watchpoints, and some conditional 

breakpoints when running in replay mode 

•  Memory Debugging  
!  Why are memory bugs hard to detect? 
!  How do your program’s data reside in memory? 
!  Heap graphic view 
!  Leak and dangling pointer detection 
!  Memory corruption report  
!  Memory usage statistics  
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